ABSTRACT Background: Age-related reductions in serum dehydroepiandrosterone (DHEA) concentrations may be involved in bone mineral density (BMD) losses. Objective: The objective was to determine whether DHEA supplementation in older adults improves BMD when co-administered with vitamin D and calcium. Design: In year 1, a randomized trial was conducted in which men (n ¼ 55) and women (n ¼ 58) aged 65-75 y took 50 mg/d oral DHEA supplements or placebo. In year 2, all participants took open-label DHEA (50 mg/d). During both years, all participants received vitamin D (16 lg/d) and calcium (700 mg/d) supplements. BMD was measured by using dual-energy X-ray absorptiometry. Concentrations of hormones and bone turnover markers were measured in serum. Results: In men, no difference between groups occurred in any BMD measures or in bone turnover markers during year 1 or year 2. The free testosterone index and estradiol increased in the DHEA group only. In women, spine BMD increased by 1.7 6 0.6% (P ¼ 0.0003) during year 1 and by 3.6 6 0.7% after 2 y of supplementation in the DHEA group; however, in the placebo group, spine BMD was unchanged during year 1 but increased to 2.6 6 0.9% above baseline during year 2 after the crossover to DHEA. Hip BMD did not change. Testosterone, estradiol, and insulin-like growth factor 1 increased in the DHEA group only. In both groups, serum concentrations of bone turnover markers decreased during year 1 and remained low during year 2, but did not differ between groups. Conclusion: DHEA supplementation in older women, but not in men, improves spine BMD when co-administered with vitamin D and calcium. This trial was registered at clinicaltrials.gov as NCT00182975.
INTRODUCTION
Dehydroepiandrosterone (DHEA) is the most abundant adrenal androgen in humans and exists predominately in a sulfated form (DHEAS). Its concentration decreases by '70-80% during adulthood (1) . Because bone mineral density (BMD) also decreases throughout adulthood, and because low DHEA concentrations are associated with low BMD (2-5) and high fracture risk (6) , it is possible that reductions in DHEAS may be partly responsible for age-related bone loss. Therefore, it is of interest to know whether the restoration of DHEA to youthful concentrations in older adults can improve or preserve bone health.
Four randomized controlled trials (RCTs) have assessed the effect of long-term (ie, 12-24 mo) DHEA replacement therapy on BMD in older adults (7) (8) (9) (10) . These studies reported that DHEA therapy increases or preserves BMD compared with controls, although most of the effects were modest and marginally significant. Two of the trials reported markers of bone turnover; the findings from both studies suggest that DHEA replacement decreases bone resorption in women (8, 9) , and results of one study suggest an increase in bone formation in men (9) .
It is conceivable that inadequate dietary intakes of vitamin D and calcium could attenuate the beneficial effect of DHEA supplementation on BMD because both are requisite for bone health (11) . This is especially relevant in older adults because inadequate intakes of these nutrients may be as prevalent as '50% in older adults (12, 13) . One of the DHEA replacement trials provided vitamin D, calcium supplements, or both to individuals with apparent inadequate intakes (7) and another reported vitamin D deficiencies in 58% of subjects (9) . None of the trials provided vitamin D or calcium supplements to all participants to ensure adequate intakes.
The primary purpose of the present study was to assess the hypothesis that 1 y of DHEA replacement therapy has beneficial effects on BMD in older men and women supplemented with vitamin D and calcium. To gain insights into the mechanisms that contribute to changes in BMD, we measured markers of bone turnover and hormones that may be involved in bone metabolism. An exploratory aim was to determine whether 2 y of DHEA supplementation provides greater benefits than does 1 y of supplementation. Thus, we performed a follow-up study in which subjects who were taking DHEA during the randomized trial continued with DHEA supplementation for a second year and subjects who were taking placebo during the randomized trial took DHEA supplements during year 2.
SUBJECTS AND METHODS

Participants
Sedentary, nonsmoking, 65-to 75-y-old men and women were recruited for the study. A medical history and the results of physical examination, analysis of blood chemistry, hematology, urinalysis, and electrocardiography were used to identify and exclude volunteers with conditions that could interfere with study compliance and that might be considered contraindications for DHEA replacement therapy, including chronic infections, a history or evidence of malignancy within the past 5 y (other than innocuous skin cancer), unstable or occult cardiovascular disease, advanced emphysema, advanced Parkinson's disease, resting blood pressure .170 mm Hg systolic or .100 mm Hg diastolic, or diabetes. Participants taking antihypertensive, antidyslipidemic, or thyroid medications were required to be taking stable doses during the 6 mo before baseline testing. Although volunteers who were taking bisphosphonates were permitted into the study, these subjects were excluded from the outcome analyses for the present study. Written consent was obtained from all participants, and the study was approved by the Human Research Protection Office at Washington University School of Medicine. The protocol is consistent with the principles of the Declaration of Helsinki.
Interventions
Eligible participants were randomly assigned, with stratification for sex, to receive 12 mo of DHEA supplementation (50 mg/d) or placebo. In a previous study from our laboratory (14) , this DHEA dose was effective at increasing circulating DHEAS concentrations to those seen in young adults. Participants in both groups received multivitamin and calcium/vitamin D supplements throughout the duration of the yearlong RCT and year 2 extension study. These supplements provided 16 lg/d (650 IU) vitamin D and 700 mg Ca/d. Participants were advised to maintain their usual dietary and physical activity habits throughout the study. On a monthly basis, the participants met with a member of the research team to pick up more DHEA or placebo and vitamin D/calcium. DHEA and placebo pill counts were performed to monitor compliance. During the monthly meetings, the participants were queried about changes in diet, physical activity, medical conditions, and medication use and potential side effects of DHEA supplementation.
Height and weight
Height and weight were measured in the morning, after an overnight fast, while the subjects were wearing only a hospital gown and underwear. BMI was calculated as weight (kg)/height 2 (m).
Dietary vitamin D and calcium
Vitamin D and calcium intakes were assessed with 4-d food diaries and computerized nutrient analysis (versions 4.05, 4.06, and 5.0; Nutrition Data System for Research, Nutrition Coordination Center, University of Minnesota, Minneapolis, MN). Participants received detailed instructions from a dietitian on how to measure and record all foods, beverages, and supplements consumed. Daily intake of vitamin D and calcium were quantified in absolute terms and as percentages of ''adequate intake'' according to the Dietary Reference Intakes (15) .
Bone mineral density
Whole-body, anterior-posterior lumbar spine (L2-L4), and proximal femur BMD were measured by using dual-energy X-ray absorptiometry (DXA) (software version 11.2, Delphi 4500-W; Hologic Corporation, Waltham, MA). The CV for these measures at our center is 1.1% for the spine and 1.2% for the femur (16) .
Sample analyses
Between 0700 and 0900 and after an overnight fast, blood was collected from an arm vein. Serum was isolated by using standard clinical methods and stored at 220°C. The following analyte concentrations were measured: insulin-like growth factor 1 (IGF-1), insulin-like growth factor binding protein-3 (IGFBP-3), sex hormone-binding globulin (SHBG), total testosterone, and DHEAS were measured by using chemiluminescent assays (Immulite 2000; Diagnostic Products Corporation, San Diego, CA); total estradiol was measured by using an ultrasensitive radioimmunoassay (Diagnostic Systems Laboratories, Webster TX); and C-terminal telopeptide of type I collagen (CTX) and bone-specific alkaline phosphatase (BAP) were measured by using enzyme-linked immunosorbent assays (CTX: CrossLabs, Nordic Bioscience Diagnostics, Herlev, Denmark; BAP: Metra BAP, Quidel Corporation, San Diego, CA).
The molar ratio of IGF-1 to IGFBP-3 was calculated as (IGF-1 3 0.130)/(IGFBP-3 3 36), where IGF-1 is expressed in ng/mL and IGFBP-3 in lg/mL. The free testosterone index was calculated as (total testosterone 3 0.0347)/SHBG, where testosterone is expressed in ng/dL and SHBG in nmol/L. The free estradiol index was calculated as (total estradiol 3 0.00367)/SHBG, where estradiol is expressed in pg/mL and SHBG in nmol/L.
Monitoring for hormone-sensitive cancer
In men, serum prostate-specific antigen (PSA) concentrations were measured by using a monoclonal antibody assay (Hybritech, San Diego, CA). In women, mammograms and pap smears were performed.
Statistical analyses
On the basis of a previous study of the effects of DHEA supplementation on BMD (14) , the mean 6 SD increase in spine BMD was expected to be 2.5 6 3.4%, whereas the placebo group remained unchanged. Thus, given the sample sizes in the present study, 2-tailed tests, and an a of 0.05, the calculated power to detect significant treatment effects was 78% for men and 80% for women.
Comparisons of baseline characteristics between the DHEA and placebo groups were performed by using independent t tests, chisquare tests, and Fisher's exact tests. Outcomes were analyzed with repeated-measures 2-factor (group and test) analyses of covariance, which included baseline values as a covariate; Tukey tests were used for post hoc paired comparisons. Outcomes from the 2-y trial were also analyzed with repeated-measures one-factor analyses of variance to assess within group changes over time, with Tukey tests for post hoc paired comparisons. Data are presented as arithmetic means 6 SE. Significance was accepted at P 0.05. Analyses were conducted with SAS for Windows XP Pro (version 9.1; SAS Institute, Cary, NC).
RESULTS
Participants
A total of 136 participants were randomly assigned to receive DHEA or placebo and started the yearlong RCT ( Figure 1) . Retention of study participants was excellent, with year 1 dropout rates of 4% and 6% in the DHEA and placebo groups, respectively (P ¼ 1.0). None of the demographic or baseline characteristics differed between groups ( Table 1) . A subset of participants agreed to participate in the year 2 extension study, during which all participants underwent open-label DHEA supplementation (50 mg/d) ( Figure 1 ).
Compliance
On the basis of the evaluable data (4% of monthly pill counts were missing), pill compliance during the RCT was 94.4 6 0.4% in the DHEA group and 95.6 6 0.4% in the placebo group and was similar for men and women. Pill counts were not performed during the extension study. For both men and women, serum DHEAS concentrations increased 5-to 7-fold in the DHEA group and did not change in the placebo group ( Figure 2 ). For both men and women in the 2-y extension study, serum DHEAS concentrations were elevated above baseline at year 1 and 2 in the DHEA group and at year 2 only for participants who crossed over from placebo to DHEA ( Figure 2 ).
Vitamin D and calcium intake
According to DRI (15) standards, 54% of the participants in the DHEA group had an inadequate vitamin D intake at baseline, and 48% had an inadequate calcium intake. Similarly, in the placebo group, 54% of the participants had an inadequate vitamin D intake, and 44% had an inadequate calcium intake. In response to supplementation, vitamin D intake increased during the 1-y RCT from 12.9 6 0.9 to 21.3 6 0.6 lg/d (P , 0.0001) in the DHEA group and from 13.7 6 1.0 to 22.1 6 0.6 lg/d (P , 0.0001) in the placebo group. Calcium intake increased from 1301 6 68 to 1627 6 56 mg/d (P , 0.0001) in the DHEA group and from 1319 6 67 to 1646 6 47 mg/d (P , 0.0001) in the placebo group. As percentages of the DRIs, vitamin D intake increased from 86 6 6% to 142 6 4% (P , 0.0001) and calcium intake increased from 108 6 6% to 135 6 6% (P , 0.0001) in the DHEA group. The placebo group had similar increases.
Outcomes from the 1-y randomized controlled trial
Bone mineral density
In men, lumbar spine BMD increased by 1.7 6 0.3% in the DHEA group and by 1.1 6 0.3% in the placebo group (P ¼ 0.0005 for main effect of time); however, the changes did not differ significantly between groups ( Table 2) . No changes in hip 1 DHA, dehydroepiandrosterone.
2 Independent t tests were used for quantitative data, and chi-square tests were used for counts, except for race, which was analyzed by using Fisher's exact test.
3 Data not available for 3 subjects. 4 Mean 6 SD (all such values).
or whole-body BMD were evident in men (Table 2 ). In women, lumbar spine BMD increased by 1.8 6 0.4% (P ¼ 0.0003) in the DHEA group and remained essentially unchanged (10.7 6 0.4%; P ¼ 0.96) in the placebo group (Table 2) . Hip and wholebody BMD did not change in women.
Bone turnover markers
CTX did not change in men in either group. BAP decreased in men by 7 6 2% in the DHEA group and by 4 6 2% in the placebo group (P ¼ 0.003 for main effect of time), with no significant difference between groups (Table 2 ). In women, CTX decreased by 14 6 3% in the DHEA group and by 11 6 4% in the placebo group (P ¼ 0.0002 for main effect of time); however, these changes were not significantly different between groups (Table  2) . Furthermore, whereas BAP decreased significantly in both groups of women (DHEA: 212 6 3%; placebo: 27 6 3%; P , 0.0001 for main effect of time), the changes were not significantly different (Table 2) .
IGF-1 and IGFBP-3
Serum IGF-1 concentrations did not change in men in either group ( Table 3) . Although there was a tendency for a greater decrease in serum IGFBP-3 in men in the DHEA group as compared with the placebo group, the IGF-1:IGFBP-3 ratio remained unchanged in both groups (Table 3) . In women, IGF-1 and the IGF-1:IGFBP-3 ratio increased significantly in the DHEA group and remained unchanged in the placebo group (P 0.002 for both interactions). IGFBP-3 did not change in either group of women (Table 3) .
Sex hormones
Total testosterone increased by 17 6 3% (P ¼ 0.003) in men in the DHEA group; however, the difference in responses between the DHEA and placebo groups was not statistically significant ( Table 3 ). The free testosterone index also increased in the DHEA group but remained unchanged in the placebo group (Table 3) . Total estradiol and the free estradiol index increased in men in the DHEA group and were unchanged in the placebo group (Table 3) . In women, SHBG concentrations decreased in the DHEA group and were unchanged in the placebo group (P , 0.0001 for interaction). The concentrations of total testosterone, total estradiol, and their free indexes all approximately doubled in women in the DHEA group and did not change in the placebo group (Table 3) .
Outcomes from the year 2 extension study
Bone mineral density
Lumbar spine BMD increased significantly above baseline ('1.6%) in both the men who took DHEA for 2 y and in those who took placebo during the first year and then crossed over to take open-label DHEA ( Table 4 and Figure 3 ). Hip and wholebody BMD did not change in either group of men. Women who underwent 2 y of DHEA supplementation had an increase of 3.6 6 0.7% in lumbar spine BMD (Table 4 and Figure 3) . In women who were in the control group for 1 y and then took DHEA during the second year, BMD increased by 2.1 6 0.7% (P ¼ 0.02) during the second year (Table 4 and Figure 3) . No changes in hip or whole-body BMD occurred in either group of women (Table 4) .
Bone turnover markers
Serum CTX concentrations did not change during the 2-y study in men in either group (Table 4 ). The change from baseline to year 1 in serum BAP concentrations was not significant in either group of men who participated in the extension study (DHEA group: 27 6 3%, P ¼ 0.07; crossover group, 24 6 2%, P ¼ 0.38). However, BAP concentrations increased by 22 6 5% in the DHEA group and by 19 6 4% in the crossover group (P , 0.0001 for both) during year 2. Two-year BAP concentrations were significantly greater than baseline in men in the crossover group (113 6 4%; P ¼ 0.008) but not in the DHEA group (111 6 4%; P ¼ 0.15).
CTX concentrations decreased significantly in women who underwent 2 y of DHEA supplementation (Table 4) , although the post hoc comparisons showed no statistically significant differences (P ¼ 0.07 for baseline compared with year 1 and for baseline compared with year 2). Likewise, CTX decreased significantly in women in the crossover group with a trend (P ¼ 0.06) for lower CTX concentrations at year 1 and significantly (P ¼ 0.0002) lower CTX concentrations at year 2. Serum BAP concentrations decreased by 12 6 4% during year 1 in women in FIGURE 2. Arithmetic mean (6SE) changes in serum concentrations of dehydroepiandrosterone sulfate (DHEAS) during the 1-y randomized placebocontrolled trial (top: n ¼ 55 men and 58 women) and during the 2-y extension study (bottom: n ¼ 45 men and 45 women). During the 2-y extension study, participants took dehydroepiandrosterone (DHEA) supplements for 2 y (DHEA group) or placebo for 1 y and then DHEA supplements for the next year (crossover group). *P , 0.0001 compared with baseline (within group) and y P 0.0001 for the comparison between the placebo or crossover group at the same time point by 2-factor repeated-measures ANOVA and Tukeyadjusted post hoc paired comparisons (P , 0.0001 for group-by-time interaction in both men and women).
the DHEA group and remained low (28 6 4% compared with baseline) during the second year of DHEA supplementation (Table 4) . Similarly, for women in the crossover group, serum BAP decreased by 7 6 5% during year 1 and remained 9 6 5% below baseline during year 2.
Safety
Twelve serious adverse events occurred during the study. All were reported to the Washington University Human Research Protection Office and the study's Data Safety Monitoring Board. The serious adverse events in the DHEA group were atrial fibrillation with a prior history of this condition (women) in year 1 and elevated liver enzymes (men), non-Hodgkin's lymphoma (men), chest pain (men), and atrial fibrillation with no prior history (men) in year 2. The serious adverse events in the placebo group were prostate cancer (men), transient ischemic attack (women), swollen tongue with other allergy symptoms (men), pancreatitis (women), and atrial fibrillation with prior history (men) in year 1 and cerebrovascular accident (women) and sudden death (men) in year 2 after crossover to DHEA supplementation.
Serum PSA concentrations in men did not change during the 1-y RCT in the DHEA group (baseline: 1.11 6 0.13 ng/mL; 1 y: 1.06 6 0.12 ng/mL; P ¼ 0.52) or in the placebo group (baseline: 1.01 6 0.14 ng/mL; 1 y: 1.03 6 0.13 ng/mL; P ¼ 0.86). Likewise, PSA concentrations did not change during the 2-y extension study in the DHEA group (baseline: 1.09 6 0.15 ng/mL; 1 y: 1.04 6 0.14 ng/mL; 2 y: 1.06 6 0.13 ng/mL; P ¼ 0.75) or in the crossover group (baseline: 1.05 6 0.15 ng/mL; 1 y: 1.07 6 0.14 ng/mL; 2 y: 1.10 6 0.16 ng/mL; P ¼ 0.71). On the basis of mammograms and pap smears performed in women at baseline, 1 y, and 2 y, no breast cancer or cervical abnormalities were observed.
During monthly visits to the laboratory in year 1, participants in the DHEA and placebo groups reported 124 minor side effects, the most common of which were symptoms of the common cold (10 reports) or influenza (9 reports), gastrointestinal distress (16 reports), and musculoskeletal stiffness (24 reports). Neither the more common side effects nor rare side effects (including acne and facial hair growth) differed in frequency between the DHEA and placebo groups (P ¼ 0.19-1.0). We also evaluated body weight and circulating lipid concentrations (total, HDL and LDL cholesterol, and triglycerides) to determine potential adverse effects of DHEA. The only adverse effect observed was a decrease in HDL cholesterol of 4.5 mg/dL in women in the DHEA group (P ¼ 0.002 compared with placebo group); however, it is noteworthy that the ratio of total cholesterol to HDL cholesterol was not adversely affected.
DISCUSSION
The results of the present study showed that 50 mg/d of oral DHEA, when co-administered with vitamin D and calcium supplements, caused large and clinically important improvements in 
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1 All values are arithmetic means 6 SEs. CTX, C-terminal telopeptide of type I collagen; BAP, bone-specific alkaline phosphatase; DHEA, dehydroepiandrosterone.
2 P for group 3 time interaction from repeated-measures ANCOVA, which included baseline values as a covariate. 3 P , 0.05 based on main effect of time, which was only tested in the absence of a significant group 3 time interaction. 4 Significantly different from baseline (within group and sex), P 0.05 (Tukey test). 5 To convert to nmol/L (SI units), multiply values by 7.750.
lumbar spine BMD in older women. Spine BMD increased by '2% during each of the 2 y of DHEA supplementation for a total of an increase of '4% from baseline. Similar increases in spine BMD induced by pharmacotherapy are associated with a 30-50% reduction invertebral fracture risk (17) . Furthermore, this 2-y change is similar to or larger than that which results from 2 y of oral estrogen (12-5%) (18) (19) (20) , bisphosphonates (14%) (21) (22) (23) , and selective estrogen receptor modulators (11-2%) (24, 25) . The robustness of these findings is supported by the increase of '2% in spine BMD that occurred when women in the placebo group crossed over to DHEA supplementation in year 2. The significant improvements in spine BMD in women were accompanied by increases in IGF-1, testosterone, and estrogen. Because these are bone active hormones (26) (27) (28) , it is possible that some or all of these increases might have mediated the improvements in spine BMD. Furthermore, circulating DHEA might have had a direct effect on bone through a yet-to-be identified DHEA receptor (29) or by conversion to androgens or estrogens within bone cells (ie, an intracrine system) (30) . We hoped that measuring bone turnover markers would provide insights about the mechanism for improvements in BMD, ie, whether IGF-1 or testosterone increased bone formation (31, 32) or estrogen suppressed bone resorption (27) . However, because the changes in markers of bone turnover were not different between the DHEA and placebo groups, the mechanism for the BMD changes is unclear.
No effect of DHEA supplementation on BMD in men was evident in our study. Although spine BMD increased by 1-2%, it did so in both the DHEA and placebo groups, which suggests that the effect might have been mediated by vitamin D and calcium supplementation, which was provided to all participants. Interestingly, Jankowski et al (7), who provided vitamin D and calcium supplements to participants with apparent deficiencies, reported similar results, ie, a tendency for BMD to increase in men in the placebo and DHEA groups.
Hip BMD did not change in either men or women in response to DHEA supplementation. Greater adaptive responses in the spine than in the hip have also been reported in response to estrogen replacement therapy (33) and exercise training (34); however, the reason for this is not clear. A possible explanation is that the spine contains more trabecular bone, which has a greater rate of turnover than does cortical bone (35) , which makes it more responsive to therapeutic interventions. However, this explanation should be interpreted with caution, because few data are available on the proportion of trabecular bone in vertebrae (36) . Furthermore, because anteroposterior DXA scans of the spine include the cortical posterior vertebral elements (eg, spinous processes), anteroposterior spine BMD contains a substantial proportion of cortical bone.
Other studies have assessed the effect of DHEA replacement therapy on BMD in older men and women. Although shorter-term trials have yielded mixed results (14, 37) , longer-term trials have reported beneficial effects of DHEA supplementation on bone, with more consistent benefits being shown for women. In women, but not men, in the DHEAge study, hip and wrist BMD were preserved or increased slightly during 12 mo of DHEA supplementation, whereas BMD decreased in women in the placebo group (spine BMD was not reported) (9) . The DAWN trial showed that spine BMD was preserved (10.3%) in women undergoing 12 mo of DHEA supplementation, whereas those in the placebo group lost 1.8% of spine BMD (8) ; no beneficial effect was seen at other skeletal sites or in men. Jankowski et al (7) found that hip and spine BMD increased by '2% in women undergoing 12 mo of DHEA supplementation, whereas BMD did not change in men. In a study of women only, Labrie et al (38) reported a 1.9% increase in hip BMD with transdermal DHEA therapy. In the only 2-y DHEA supplementation study performed before the present study, Nair et al (10) reported an increase of '3% in wrist BMD in women and of '1% in femoral neck BMD in men, but no changes at other skeletal sites. It is conceivable that inadequate dietary intakes of vitamin D and calcium, as is common in older adults (12, 13) , may attenuate the beneficial effects of DHEA supplementation on BMD because these nutrients are important for optimal bone health (11) . Indeed, the present study and the study by Jankowski et al (7) showed larger 1-y increases ('2%) in BMD than did other trials, and these were the only 2 trials that administered vitamin D and calcium supplements. Moreover, after 2 y of DHEA supplementation in the present study, spine BMD increased by nearly 4% in women, whereas Nair et al (10) , who did not provide vitamin D and calcium supplements, reported no change in spine BMD after 2 y of DHEA. Although no studies have directly compared the BMD-enhancing effects of DHEA supplementation in individuals with and without vitamin D or calcium deficiencies, it is noteworthy that vitamin D deficiency attenuates the beneficial effects of bisphosphonates on BMD (39) .
No adverse effects of DHEA supplementation were evident in the present study; however, our trial was not powered to detect rare or subtle side effects. It should also be noted that because DHEA supplementation resulted in small but significant increases in circulating concentrations of estrogen, testosterone, and IGF-1-all of which may promote tumorigenesis-individuals taking DHEA supplements long term may need to be monitored regularly for hormone-sensitive cancer.
In conclusion, the results of the present study suggest that long-term (1 and 2 y) DHEA supplementation (50 mg/d) in older women has a substantial beneficial effect on spine BMD in combination with dietary vitamin D and calcium supplementation. In light of the possibility that DHEA replacement therapy has other physiologic benefits, such as improvements in glucoregulatory function, immunoregulation, and psychological state (see reference 40 for review), and has no known major side effects, DHEA supplementation may be an attractive option for improving or preserving bone health in older women. In contrast with our findings in women, we saw no evidence of a beneficial 
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1 All values are arithmetic means 6 SEs. CTX, C-terminal telopeptide of type I collagen; BAP, bone-specific alkaline phosphatase; DHEA, dehydroepiandrosterone. All outcomes were assessed for between-group differences in change over time (ie, group 3 time interaction) by using a 2-factor repeatedmeasures ANOVA; however, none of the interactions was significant.
2 P values reflect the significance of change over time (within group and sex) by one-factor repeated-measures ANOVA. 3 Significantly different from baseline (within group and sex), P 0.05 (Tukey test). 4 Significantly different from 12 mo (within group and sex), P 0.05 (Tukey test). 5 To convert to nmol/L (SI units), multiply values by 7.750.
effect of DHEA supplementation in men above and beyond the effect of vitamin D and calcium supplementation. 
